ABSTRACT. Industrial wheat quality flour is related to gluten amount in grain. This study aimed to evaluate the relationship between high molecular weight (HMW) glutenins obtained by SDS-PAGE and gluten strength (W) obtained by the alveograph test and cropping environmental effect on wheat flour quality for Brazilian industry. Fifty-one cultivars/ breeding lines were evaluated in three environments. The W value and HMW glutenin score were evaluated by SDS-PAGE. The environment effects on wheat flour were also evaluated. There was a relationship between the W value used in wheat flour industrial classification and score 10 of HMW glutenins, but there was no relation with scores 9 or lower. Cultivars/breeding lines with score 10 of HMW glutenin are less susceptible to environmental effects and produce breeding type wheat flour (W value ≥300) of interest for industry. The cultivars/breeding 2 P.I. Chapla et al. Genetics and Molecular Research 16 (3): gmr16039744 lines with score 10 for HMW glutenins is the main choice for a wheat breeding program.
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INTRODUCTION
Brazil is the twenty-second world producer of wheat (FAO -Food and Agriculture Organization of the United Nations, 2014) and, despite the oscillation, it has been growing mainly in the south of Brazil. Moreover, breeding programs have expanded the production of this grain for warmer regions with soil that has specific characteristics such as the Brazilian Cerrado (Santos, 2008) . Wheat varieties are called soft or weak if gluten content or strength is low, and hard or strong if gluten content or strength is high. Wheat is classified into four types in Brazil, according to the flour quality: improver wheat, bread wheat, domestic wheat, and basic wheat (Brasil, 2010) . The bread making and pasta industries have a demand for bread and improver wheat types, whereas the cracker industry demands the basic type. Flour classified as domestic wheat had lower commercial value and needed to be mixed with improver-type flours to be utilized in bread making (Guarienti, 1996) .
The industrial quality of wheat is related to the amount and composition of gluten in the grain. Gluten is a composite of storage proteins termed prolamins, mainly low molar mass (LMM) gliadins and high molar mass (HMM) glutenins (Comino et al., 2013) , referred to as low molecular weight (LMW) and high molecular weight (HMW), respectively (Lukow et al., 1988) . Gluten attainable elasticity is proportional to its content of HMW glutenins (Lamacchia et al., 2014) . Gluten has viscoelastic properties, and glutenin is the major protein within wheat flour, making up 47% of the total protein content (Belitz et al., 2004) .
The production of these proteins is determined by genetic and environmental factors codified by seven genes Glu-A1, Glu-B1, and Glu-D1 located the long arm of the first homologous group of wheat genome (Lee et al., 2016) . HMW proteins vary from 80,000 to 120,000 Da (Payne et al., 1979) and have the greatest responsibility for gluten elasticity to form high polymers, although they represent 25% of LMM proteins (Tatham et al., 1985; Gianibelli et al., 2001) . There is an association of HMW protein subunits with the wheat flour industrial quality (Shewry et al., 2003; Anjum et al., 2007) . The analyses of wheat flour quality association with HMW glutenin subunits are in general done by quantitative and correlation analyses (Torres et al., 2008) . However, a regression analysis would be the most appropriate due to a dependent variable (gluten quality) and another independent variable (gluten composition). Furthermore, wheat cultivar classification concerning the industrial flour applications in Brazil is even more qualitative (breeding, bread, domestic, and basic types).
One of the main characteristics of wheat breeding is to develop grains with characteristics that meet the demands of the bread making, pasta, and cracker industries, and to avoid domestic wheat that has lower quality. However, in the initial phases of breeding, the available quantity of seeds is insufficient to determine the flour quality by rheological methods (Guarienti, 1996) . On the other hand, the environmental effect on cropping can change wheat quality for bread making. Thus, the utilization of less susceptible cultivars to the environmental effect would be of great interest in the genetic breeding of wheat for the breadmaking industry in Brazil. Studies have not been found in the relationship of HMW glutenins with the industrial classification of wheat flour and the environmental effect on the expression of HMW glutenins. Thus, the objective of this study was to evaluate the relationship between HMW glutenins obtained by sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) and the gluten strength obtained by the alveograph test, and the environmental effect of cultivation on wheat quality and the current wheat flour quality classification for Brazilian industry. The results can allow an early identification of wheat cultivars with a lower environmental effect on the flour quality.
MATERIAL AND METHODS

Biological material
The experiments were carried out with seeds of 51 wheat cultivars/breeding lines from the genetic breeding program of COODETEC ( 
Gluten strength by the alveograph test
The alveograph test was used to measure the gluten strength (W) -or baking strength of dough -according to the American Association of Cereal Chemists (AACC 54.30-02) (AACC International, 2016) . The alveograph test provides results that are common specifications used by flour millers and processors to ensure a more consistent process and product (WMC-NAEGA, 2004) . Wheat grain moist was determined and adjusted to 14.5% for grinding in the experimental Chopin grinder. For the bread-making process, 250 g wheat flour was mixed (1:1) with an aqueous solution of NaCl at 25 g/L. The dough was obtained by manual kneading for 6 min at an environmental temperature (25°C). After 30 min dough rest, the samples were placed in the alveograph at 25°C to determine W. The obtained wheat flour was classified according to the regulation number 38 of the Ministry of Agriculture, Livestock and Supply (Brasil, 2010) , which classifies wheat flour between 100 and 160 W, as "basic" type (tipo básico, in Portuguese), between 160 and 219 W, as "domestic" type (tipo doméstico, in Portuguese), between 220 and 299 W, as "bread" type (tipo pão, in Portuguese), and equal to or higher than 300 W, as "improver" type (tipo melhorador, in Portuguese).
Glutenin extraction and analysis by SDS-PAGE
Glutenin extraction was done according to the protocol by Singh and Shepherd (1991) . The grains (20 mg) were individually macerated and placed in 1.5-mL microtubes. For glutenin extraction, three solutions were utilized: solution A (50% isopropanol), solution B (50% isopropanol, 0.08 M Tris-HCl, pH 8.0) and solution C (20 g/L SDS, 400 g/L glycerol, 0.2 g/L bromophenol blue, 0.08 M Tris-HCl, pH 8.0). Solution A (1 mL) was added and incubated for 30 min at 65°C, and samples were agitated every 10 min. After this period, the samples were centrifuged at 10,000 g, for 1 min, and the supernatant was discarded. Next, 5 mL solution A was added to wash pellets and centrifuged for 5 min at 10,000 g. The supernatant was discarded after centrifugation. During centrifugation, solution B was prepared with 1% DTT (dithiothreitol), and 0.1 mL of this solution was added to the pellet. The microtube with the mixture was immersed in water at 65°C for 30 min. Then, centrifugation was carried out for 5 min at 10,000 g, and after it, 0.1 mL solution B was added with 1.4% 4-vinylpyridine to the sample, kept for 15 min again and centrifuged at 10,000 g for 1 min. The resulting supernatant, glutenin extract, was stored at 4°C until its utilization. Before electrophoresis, 0.1 mL glutenin extract was mixed with 0.1 mL solution C and immersed in water at 65°C for 15 min, followed by centrifugation for 1 min at 10,000 g. An aliquot of 20 µL supernatant was applied to SDS-PAGE for electrophoresis.
The piling gel consisted of 3.5% acrylamide, 0.12% bisacrylamide, 1% SDS, 0.1% ammonium persulfate, 0.126 M Tris [tris(hydroxyl methyl)amino methane] and 1% Temed (tetramethylethylenediamine). The separation gel contained 10% acrylamide, 0.3% bisacrylamide, 1% SDS, 0.1% ammonium persulfate, 0.375 M Tris, and 0.4% Temed. The loading buffer composition was 0.3% Tris, pH 8.3, 1.88% glycine, and 0.1% SDS. Electrophoresis was under a constant current of 100 V to the stacking gel and 120 V for the separation gel. In each gel, samples of control wheat cultivars were added: Sappo, Opata85, Chinese Spring, Neepawa, and Yacora-Rojo, which were extracted at the same way as the evaluated samples, and were considered reference for the identification of HMW glutenin bands. A score was attributed to each Glu-1 band, and the individual score for each variety/breeding line was obtained by the sum of individual scores of HMW subunits according to Payne (1987) .
To evaluate the association between HMW glutenin subunits and wheat quality for bread making, a simple linear regression analysis was done. The qualitative association between the scores of HMW glutenins and wheat industrial classification (Brasil, 2010) was evaluated by contingency analysis. The significance of the contingency analysis was obtained by the chisquare test, and the analyses were performed using the GENES software (Cruz, 2006) .
RESULTS AND DISCUSSION
W values of 51 cultivars/breeding lines evaluated in three cropping environments and periods (EF1, EF2, and EF3) are shown in Table 1 . The average W values varied from 164 to 396 in three environments (Table 1) . Considering the average W values, 28% of the cultivars/breeding lines were classified as domestic type, 39% as bread type, and 33% as improver type (Table 1) . These results suggest that the evaluated germplasm has great variability for W value and good industrial quality for bread making because 72% were classified as bread or breeding type.
Considering the environment effect, 12 of the 51 samples were classified somehow regardless the cropping environment (Table 1 ). Seven samples presented three different classifications, one in each field (Table 1) . These results illustrate how susceptible some cultivars/breeding lines are to the environment effect on wheat quality. Six of the 17 cultivars/ breeding lines, classified as improver type by the average of W values, kept this classification regardless of the environment (CD106, CD111, CD116, CD654, CD706, and IPR85), all with low variation coefficient (Table 1) . Only four of 20 cultivars/breeding lines, classified as bread type, kept this classification regardless of the environment (CD114, CD558, CD683, and CD711), and only 3 of 14 cultivars/breeding lines, classified as domestic type, kept the same classification regardless of the environment (CD105, CD113, and CD602).
Choosing cultivars that are less affected by the environment effect for W value is fundamental to the availability of robust cultivars with a lower variation of the final obtained flour quality. The environmental factors at the harvest time affect the quality of flour. However, there is a great variation of results presented in these studies (Finlay et al., 2007; Uhlen et al., 2015) . On the other hand, Georget et al. (2008) did not find differences between the proportion of HMW proteins when wheat breeding lines were evaluated in different environments but did not find differences when the interaction between the environment and genotype was assessed. These results suggest a greater complexity of determining factors of gluten composition.
The results obtained in our study suggest that it had variability in the susceptibility to the environmental effect, and glutenin analysis were made to investigate if this variability was associated with HMW glutenin composition. Table 1 shows the frequency distribution of HMW glutenin subunits of 51 cultivars/ breeding lines in which 14 subunits were found distributed between all wheat cultivars/breeding lines by SDS-PAGE. This variability is greater than the variability described by Argentinian breeding lines in which 11 subunits were found (Gianibelli et al., 2002) . Figure 1 shows that on chromosome 1A, subunit 2* was the most frequent with approximately 70%, whereas the subunits 1 and null presented 18 and 12%, respectively. On chromosome 1B, there was a great variability of alleles and subunits 6, 9, 6+8, and 20 that were practically inexpressive. The sum of this unit represents 12%. On the other hand, subunits 8, 7+8, 7+9, and 17+18 had a frequency from 8 to 20%, while subunit 7 had a frequency of approximately 40%. On chromosome 1D, subunit 5+10 had 88% expression whereas subunit 2+12 had around 12%. Payne et al. (1987) reported that the presence of subunit 5+10 is associated with the high quality of wheat flour and subunit 2+12 is associated with low quality of wheat flour. This high incidence of subunits related to the high quality of wheat flour is explained by the Brazilian market that has a greater interest in bread-making flour. Thus, genotypes are selected according to the greater W values produced by the high incidence of alleles associated with this characteristic. Torres et al. (2008) evaluated wheat cultivars utilized in the south of Brazil and observed a greater frequency of allele 2* (75%) on chromosome 1A. On chromosome 1D, allele 5+10 was found in 55% of the samples and allele 2+12 in 45% of them. Santos (2008) evaluated breeding wheat cultivars for the Brazilian Cerrado and observed a greater frequency of allele 2* (57%) and allele 1 with 43% on chromosome 1A. On chromosome 1B, the greatest frequency was in alleles 7+9 and 7+8 with 43% each. Alleles 5+10 and 2+12 presented 71 and 29% frequencies, respectively, for chromosome 1D. These studies made evident that these alleles are distributed and well-characterized in genotypes of Brazilian wheat, corroborating the results of allele frequency found in our study.
Each one of the 51 cultivars/breeding lines evaluated in our study received a score in function of its composition of HMW glutenins, calculated by the sum of individual scores of each subunit, according to Payne (1987) . The scores in our study varied from 4 to 10, and the most frequent were 8 (43%). Only 14% obtained a score lower than 8 (Table 1 and Figure  1) , and the general average was established at 8.23. Several studies reported the correlation of high values of HMW glutenin scores with the high quality of wheat flour (Payne, 1987; Schuster et al., 1997; Gianibelli et al., 2001 Gianibelli et al., , 2002 . Gianibelli et al. (2002) obtained an average score of 9.3 in Argentinian cultivars whereas Lukow et al. (1988) had an average of 8.74 in Canadian cultivars. Santos (2008) (Silva et al., 2004) . This makes an apparent increase in Brazilian wheat quality along time concerning the genetic material cultivation worldwide.
The linear regression between the W value and HMW glutenin score showed a significant association (R 2 = 0.23, P = 0.03). When compared with the current commercial classification, cultivars/breeding lines with scores 8 and 9 were classified as domestic and improver types whereas the ones with score 10 were classified as improver type except for one that was classified as bread type (Figure 2) . Five of six cultivars/breeding lines classified as improver type in three environments scored 10, and the other scored 9 (Table 1) . These results suggest that score 10 of HMW glutenins is associated with a wheat cultivar that has a greater aptitude for bread making or improving the quality of poor flour, that is, score 10 means improver type. Also, cultivars/breeding lines with score 10 of HMW glutenins presented greater stability in the production of improver type and smaller susceptibility to the environmental effect of this characteristic when cultivated in different environments. The association of wheat quality with cultivars/breeding lines with score 10 of HMW glutenins allows genetic analyses to be developed with HMW glutenin expression to establish new genetic breeding strategies of wheat quality for bread making in a shorter time. To verify if the aptitude related to the bread-making quality of wheat is associated with score 10 of HMW glutenins, the samples were divided into two groups in function of their scores: a group with score 10 and another group with score 9 or lower. The samples were also divided into three groups in function of W values: one group with W values lower than 220 (domestic type), one group with W values from 220 to 300 (bread type), and one group with W values greater than 300 (improver type) ( Table 2 ). The independence test between the groups was significant (χ 2 = 12.68; P = 0.00176), indicating that the samples with score 10 are classified differently from the samples with score 9 or lower ( Table 2 ). The same happens when the samples are divided into two groups in function of the values of W: a group with improver-type samples (W greater than 300) and another group with samples that are not classified as improver type (W lower than 300). The independence test was also significant (χ 2 = 13.88, P = 0.00019). However, when the sample was divided into domestic-type groups (W lower than 220) and bread/improver type (W greater than 220), the independence test between the groups was not significant (χ 2 = 3.59, P = 0.0581), showing that this kind of grouping of quality type is independent of glutenin score. Therefore, these results indicate that the cultivars/breeding lines that present score 10 are equivalent to the classification of improver type (W greater than 300). However, to evaluate if this same dependence also occurs with scores lower than 10, the samples were again divided into two groups in function of the score: one group with samples whose score is 9 and another with samples whose score is 8 or lower, not considering in this analysis the samples with score 10 (Figure 2) . As a result, no dependence between the groups was observed (Table 3) , showing once again that the dependence is in the samples with score 10 and improver type.
This study made evident for the first time a relationship between HMW glutenins and the classification of wheat cultivars according to their commercial utilization aptitude. This is a new approach to the relationship between HMW glutenins and bread-making wheat quality that is better applied to commercial wheat breeding. All the previous research in HMW glutenins was made associating quantitatively the scores of HMW glutenins and W value, regardless the industrial classification of wheat quality.
CONCLUSIONS
It was concluded that there is a relationship between the commercial class of improvertype wheat flour and score 10 of HMW glutenins obtained by SDS-PAGE, but there is no relationship with scores 9 or lower.
Cultivars/breeding lines with score 10 of HMW glutenins produced improver-type wheat flour (W value higher than 300) and are robust, less susceptible to the environmental effect of the harvest time, and produce wheat with greater quality and interest for the wheat flour industry. 
